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Abstract
Background: The GOHAI is a frequently used instrument to measure oral health-related quality of life (OHRQoL) of
adults, in particular older people. The aim of this study was to translate the original English version of the GOHAI
into a Dutch version (GOHAI-NL), and to test the validity and reliability of the GOHAI-NL in care-independent and
care-dependent older people.
Methods: The GOHAI questionnaire was translated into Dutch, discussed by an expert panel, back-translated to the
original, pilot-tested and assessed for cognitive and conceptual equivalence. The resulting GOHAI-NL was tested in
a groups of care-independent (Group A, n = 109, mean age 73.1 ± 5.4 years) and care-dependent (Group B, n = 118,
mean age 85.6 ± 7.0. years) cognitively alert people of 65 years and over. Psychometric properties including
reliability (internal consistency, item-total, item-dimension, dimension-total, inter-item correlation, and test-retest
stability), and validity (convergent, discriminant, known-group), and floor and ceiling effects were assessed.
Results: Internal consistency was confirmed by Cronbach’s alphas of 0.86 (group A) and 0.80 (group B). Item-total
score correlations were between 0.4 and 0.7 except for item 3 in group A (0.34) and B (0.08) and for item 12 in
group A (0.20). Item-dimension and dimension-total correlations were between 0.30 and 0.78 and around 0.7
respectively for the dimensions ‘physical functioning’ and ‘psychosocial functioning’, but lower for the dimension
‘pain and discomfort’ with item-dimension correlations between 0.13 and 0.44. Average inter-item correlations were
0.34 ± 0.11 (group A) and 0.33 ± 0.08 (group B). Test-retest correlation of the total score (GOHAI-ADD) was 0.88 in
group A (ICCs: 0.62 - 0.88) and 0.93 in group B (ICCs: 0.64 – 0.91). Significant correlations in the expected direction
were found between GOHAI and most oral health-related variables except for presence of caries in group A, and
perceived general health, prosthodontic status and number of natural teeth in group B. No floor or ceiling effects
were detected at GOHAI-ADD level; however ceiling effects did occur at dimension level.
Conclusion: The GOHAI-NL has satisfactory reliability and validity and can be used to measure OHRQoL in Dutch
care-dependent and care-independent older people.
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Background
A range of instruments that measure oral health-related
quality of life (OHRQoL) has been developed in the last
two decades. [1]. One of these instruments is the Geriatric
Oral Health Assessment Index (GOHAI), a frequently
used questionnaire that aims to assess OHRQoL within
older populations [2]. It comprises of 12 items that meas-
ure three dimensions of OHRQoL: physical function (3
items), psychosocial function (5 items) and pain/discom-
fort (4 items).
Several studies indicate that the GOHAI is a more
suitable instrument to measure OHRQoL of the eld-
erly in Western cultures than the currently most fre-
quently used Oral Health Impact Profile (OHIP) [3–7].
The OHIP taps more severe OHRQoL impacts than
the GOHAI and is generally less sensitive to minor
impairment of OHRQoL [3]. As a consequence larger
proportions of participants report no impact, i.e. have
zero-scores (floor effect) when using the OHIP than
when using the GOHAI [3, 8]. Based on epidemio-
logical data this floor effect is likely to also occur for
Dutch elderly [9, 10]. This effect reduces the ability of
the OHIP to detect within-subject changes, when
compared with the GOHAI. However, no validated
Dutch version of the GOHAI is available.
The aim of this study was to translate the original
English version of the GOHAI into a Dutch version
(GOHAI-NL), and to validate the translated instrument
for use in epidemiological surveys among older people
in the Netherlands. To warrant validation for a wide
spectrum of older people, we chose to validate the
GOHAI for both severely frail, care-dependent older
people and for care-independent older people.
Although the GOHAI was originally intended as a
self-administered questionnaire, this administration
method is likely to generate unreliable results in severely
frail and care-dependent older people who often have
impairments (e.g. visual, cognitive) that affect their
capacity to complete self-administered questionnaires
[11, 12]. Therefore, for care-dependent older people we
chose to administer the GOHAI questionnaire through a
personal interview.
Methods
Translation
The original GOHAI questionnaire [2] was independ-
ently translated into Dutch by two bilingual translators
whose native language was Dutch. One of them was a
dental researcher experienced in the use of quality of life
measures (DN), the other was a professional translator
specialized in the translation of patient reported out-
come measures. We adhered to the “Principles of Good
Practice for the Translation and Cultural Adaptation
Process for Patient-Reported Outcomes Measures” [13].
The two forward-translations were reconciled into one
forward translation by an expert panel consisting of a
dentist-researcher, a geriatric dentist-researcher and an
oral health researcher. Competing options were dis-
cussed, and other bilingual experts were consulted when
necessary, until consensus was reached. The resulting
forward-translation was independently back-translated
into English by two professional translators whose native
language was English. The back-translations were com-
pared for conceptual equivalence with the original
GOHAI by the expert panel. Problematic items were
identified and discussed among the expert panel and
with the translators. Based on their comments, the
forward-translation was refined. The resulting transla-
tion was tested in a purposive sample consisting of 10
older (65 years and over) people whose self-reported
general health was bad (n = 3), mediocre (n = 3), or good
(n = 4). The translation was tested for cognitive equiva-
lence and comprehensibility. Based on received com-
ments, the translation was finalized by the expert panel.
Respondent selection
In order to test and validate the proposed GOHAI-NL,
participants of 65 years and over were recruited from
two independent samples (group A and group B).
These two groups were recruited in order to represent
distinct differences in frailty and general health within
the population of elderly. Group A represented non-frail
care-independent older people with expected good
health and group B represented frail care-dependent, but
cognitively alert people with compromised health.
Because gender and dental/prosthodontic status are
known to possibly influence self-perceived oral health,
for both groups an even distribution of men and
women, and of (partially) dentulous (having at least
one natural tooth) and edentulous (with or without
complete removable dental prostheses (CRDP’s)) par-
ticipants was sought [14–17].
Participants of group A were recruited in the clinic of
the Dental School of Radboud University Medical
Center through convenience sampling, and comprised of
independent living, cognitively alert subjects who came
for periodical check-up visits between 2013 and 2015.
Since this sample was recruited from a generally healthy,
independently living population with no registered
health impairments according to the patients’ dental re-
cords, it was assumed that the chance of recruits being
frail would be small. Upon provision of informed con-
sent, after their clinical examination, they were asked to
complete a questionnaire, including the GOHAI-NL.
Participants of group B were recruited in a total of 11
residential aged care facilities (RACFs), selected through
convenience sampling, in the southern part of the
Netherlands. The RACFs were included after the
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management’s consent to have their residents examined
on a voluntary base. The care managers of the RACF’s
recruited the participants for this study, based on in-
structions by the principal researcher (DN). These in-
structions included exclusion of subjects who were not
cognitively alert according to the responsible ward nurse.
All participants in group B had a certain level of care de-
pendency as determined by a medical authority, based
on the Dutch care-dependency classification system
(Dutch National Centre for Indication of Care Need
(CIZ; www.ciz.nl)). Each RACF resident is assigned a
‘Package of Care Dependency’ according to this system,
indicating the level and type of care needed referring to
impairments in the physical and/or mental and/or social
domain.
Upon provision of their informed consent, the partici-
pants received a clinical examination by a final year den-
tal student or a final year dental hygiene student. Next,
they were personally interviewed by the principal re-
searcher who used the same questionnaire as the one
used for group A.
Convenience quota sampling was used aiming at a
total sample size of approximately 120 recruits for each
group. Sample size was calculated based on the recom-
mendation to include 5–10 subjects per questionnaire
item [18], resulting in a need for 60–120 participants
per group.
Data
Participants were asked to provide information regarding
their oral health by answering the GOHAI questionnaire
and four additional questions: 1. How do you perceive
your oral health (very bad, bad, moderate, good, very
good); 2. Are you satisfied with your oral health (y/n); 3.
Do you think you need dental treatment at the moment
(y/n); 4. How do you perceive your general health (very
bad, bad, moderate, good, very good). The GOHAI ques-
tionnaire includes 12 questions (each question address-
ing one oral health item). Respondents were asked how
often, in the previous three months, they have experi-
enced the oral health item addressed: ‘never’, ‘seldom,’
‘sometimes’, ‘often’, or ‘very often or always’. Besides, date
of birth, gender, and nationality were recorded. Socio-
economic status (SES) (high, middle, low) was assessed
based on last held occupation (according to the ISCO-
08 classification [19]) and on level of education (high,
middle, low); the highest level of either education or oc-
cupation determined SES.
Clinical data were obtained through examinations by
calibrated final year dental students (all kappa’s > 0.82;
overall κ =0.87; agreement = 90.1 %) or calibrated final
year dental hygiene students (all kappa’s > 0.66; overall
κ =0.74; agreement = 84.4 %). Data included number
and position of 1) natural teeth, 2) caries lesions, 3)
restorations (such as direct restorations or fixed dental
prostheses), and 4) partial or complete removable den-
tal prostheses. The WHO criteria for assessment of the
aforementioned variables were used [20]. In addition,
clinical treatment need (y/n) was recorded, based on
the clinically assessed need for any professional dental
treatment including reline, rebase or replacement re-
movable dental prostheses.
Group A participants were examined in the clinic of
the dental school while group B participants received a
clinical examination at their residence, where the exam-
iners used hand held torches and a dental mirror.
Missing data
Participants with two or more GOHAI answers missing,
or with one or more answers to the additional questions
missing, or with missing clinical data were excluded. In
case only one GOHAI answer was missing, the missing
value was replaced by mean substitution.
In case clinical data were recorded more than two
weeks before or after the questionnaire was completed,
the participant was excluded. This was done in order to
minimize the chance that the clinical status of the
participant was different from that at the moment of
completing the questionnaire.
Analyses
General psychometric properties
Answer proportions (%) of each of the GOHAI-NL
items and of the GOHAI-ADD (additive) score and the
GOHAI-SC (simple count) score [2] were calculated.
The GOHAI-ADD score is the sum of all scores (score 1
to 5 per answer; total score from 12 to 60). The
GOHAI-SC score is the sum of all items with response
‘sometimes’, ‘often’ and ‘always or nearly always’ (score 0
or 1 per answer; total score from 0 to 12), where a ‘1’-
score indicates impairment for that item [2]. Item scores
for questions 3, 5, and 7 were reverse-coded so that all
items scored in the same direction; higher values indi-
cating better OHRQoL.
Floor and ceiling effects were assessed at dimension
level (with GOHAI dimensions: physical function, pain
and discomfort, and psychosocial function), and at total
score level (GOHAI-ADD; GOHAI-SC). Floor and ceil-
ing effects were considered present when 20 % or more
participants had the lowest (floor) or highest (ceiling)
possible total score [21].
Reliability
Reliability was assessed by measuring internal consistency
and stability. Internal consistency was measured through
correlation between item scores and the overall GOHAI-
ADD score, using the corrected item-total score correl-
ation (Spearman’s rank correlation coefficient) and
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Cronbach’s alphas. Overall Cronbach’s alphas > 0.7 and >
0.9 are considered indicative for acceptable consistency
for comparisons at group level and at individual level, re-
spectively [22, 23]. The dimensional structure of the
GOHAI-NL was evaluated through assessment of correla-
tions between item scores and the GOHAI-ADD score of
the related dimension (subscale). Cronbach’s alphas > 0.4
are considered indicative for adequate item - subscale
consistency and Cronbach’s alphas > 0.7 are considered in-
dicative for adequate subscale - overall scale (total score)
consistency [22]. Inter-item correlations were calculated
in order to determine the extent to which the items were
related to each other (average inter-item correlation
ideally should be between 0.2 and 0.5 [23, 24]), and to de-
tect redundancy of items (Cronbach’s alpha > 0.7) [25].
Stability was assessed by measuring test-retest reliabil-
ity through calculation of intraclass correlation coeffi-
cients (ICCs) (two-way mixed, single measure) in two
subsamples consisting of randomly selected respondents
from group A and group B. Participants of these samples
groups were either sent a second questionnaire (group
A) or interviewed a second time (group B) after one to
two weeks after they had returned their first ques-
tionnaire or were interviewed, as it was expected that
no major differences in oral status and oral health
would have occurred during this time interval. ICC
values > 0.75 were considered indicative for excellent
stability, 0.40 – 0.75 for fair to good, and < 0.40 for
poor stability [26].
Validity
Validity was measured through convergent validity, dis-
criminant validity, and known-group validity. Conver-
gent validity refers to the degree to which two measures
that should measure the same construct, are related.
This was determined through assessment of the correla-
tions between GOHAI-ADD scores and the answers to
two general questions on self-perceived oral health: 1.
How do you perceive your oral health; 2. Are you satis-
fied with your oral health.
Discriminant validity refers to the degree to which
two measures that should measure two similar, but
conceptually different constructs are related. This was
determined through the correlation between the
GOHAI-ADD scores and 1. clinical treatment need; 2.
presence of caries lesions; and 3. self-perceived general
health. A low to moderate correlation was expected be-
tween higher GOHAI-ADD scores on the one hand
and less clinical treatment need, absence of caries le-
sions, and better self-perceived general health on the
other.
Known-group validity refers to the degree to which a
measure is sensitive to differences within subgroups that
are assumed to be reflected in the scores. This was
assessed by comparing differences in GOHAI-ADD
scores between subgroups with different self-perceived
treatment need (y/n), a higher number of natural teeth,
and different dental / prosthodontic status (natural teeth
without removable dental prostheses (RDPs), natural
teeth with partial or complete RDPs, or no natural teeth
(with or without complete RDPs)). Participants without
self-perceived treatment need, with higher numbers of
natural teeth, and without removable dental prostheses,
were assumed to have higher GOHAI-ADD scores.
Correlations were assessed by calculating Spearman’s
rank correlation coefficients (r), with values > 0.5 indicat-
ing a strong correlation, 0.35 to 0.5 a moderate correl-
ation, and 0.2 to 0.34 a low correlation [27, 28].
Ethics, consent and permissions
The study was approved by the Medical Ethics Committee
(CMO) of the Radboud University Medical Center
Nijmegen (CMO ref. 2012/294). All participants were in-
formed (in writing and personally) about the study and
provided written consent prior to their participation.
Results
Translation
Translation procedures and discussions among the ex-
pert panel yielded no irresolvable issues concerning se-
mantic, experiental or conceptual equivalence. The
resulting GOHAI-NL is presented in Additional file 1.
Characterization of groups and subjects
The original sample consisted of 232 participants; 111 in
group A and 121 in group B. After exclusion of subjects
because of 2 or more missing GOHAI answers (group
A; n = 2) or missing clinical data (Group B; n = 3) re-
spectively, group A included 109 participants and group
B 118 (Table 1). For two participants in group A who
missed one GOHAI question, the mean substitution was
imputed. In group A, 47.7 % of the participants were fe-
male; 60.6 % were dentate (at least one natural tooth)
and the mean age was 73.1 ± 5.4. In group B, 57.6 %
were female; 49.2 % were dentate and the mean age was
85.6 ± 7.0. Group A participants had a slightly higher
SES (high 31.9 %, medium 50.5 %, low 17.8 % versus
high 23.9 %, medium 40.2 %, low 35.9 % in group B).
General psychometric properties
Answer proportions and percentage impairment
(based on the number of answers ‘sometimes’, ‘often’
or ‘nearly always or always’) for group A and B are
listed in Table 2. The mean GOHAI-ADD score was
51.5 ± 7.5 (range 29–60) for group A and 52.4 ± 6.1
(range 26–60) for group B. Mean GOHAI-SC score
was 1.9 ± 2.4 (range 0–9) for group A and 1.9 ± 1.9
(range 0–9) for group B. The items that showed
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Table 1 Sample Characteristics and Analyses per Sample
Sample Number Age
Mean (SD)
Gender
%female
Dentatea % Data administration Analyses
Group A: Independent living
dental clinic attenders of 65+
yrs (check-up visits)
109 73.1 (5.4) 47.7 60.6 questionnaire general psychometric properties, floor and
ceiling effects, internal consistency (item-total
scale, dimension-total scale, inter-item),
convergent, discriminant, and known-group
validity
Group B: Institutionalized
care-dependent elderly of
65+ yrs
118 85.6 (7.0) 57.6 49.2 personal interview general psychometric properties, floor and
ceiling effects, internal consistency (item-scale,
dimension-scale, inter-item), convergent,
discriminant, and known-group validity
subsample (convenience
sample) of group A
32 74.0 (5.8) 50.0 78.1 questionnaire test-retest reliability
subsample (convenience
sample) of group B
34 85.9 (6.9) 47.1 50.0 personal interview test-retest reliability
aminimum of 1 natural tooth
Table 2 Answer proportions and percentage participants scoring ‘impairment’a per GOHAI item for groups A and Bb
GOHAI item group never seldom sometimes often very often or always % impair-ment
1. Limit the kinds of food A 64.2 14.7 10.1 6.4 4.6 21.1
B 61.9 16.1 11.9 5.9 4.2 22.0
2. Trouble biting or chewing A 39.4 32.1 13.8 8.3 6.4 28.5
B 34.7 16.9 14.4 22.9 11 48.3
3. Able to swallow comfortably A 7.3 5.5 5.5 19.3 62.4 18.3
B 7.6 2.5 5.9 15.3 68.6 16.0
4. Unable to speak clearly A 70.6 18.3 7.3 0.9 2.8 11.0
B 77.1 5.9 11.9 2.5 2.5 16.9
5. Able to eat without discomfort A 6.4 10.1 7.3 24.8 51.4 23.8
B 2.5 8.5 15.3 28.0 45.8 26.3
6. Limit contact with people A 86.2 10.1 1.8 0.9 0.9 3.6
B 93.2 5.9 0.8 0.0 0.0 0.8
7. Pleased with look of teeth A 3.7 4.6 8.3 56.9 26.6 16.6
B 11 14.4 14.4 29.7 30.5 39.8
8. Used medication to relieve pain A 70.6 21.1 7.3 0.9 0.0 8.2
B 93.2 3.4 1.7 0.8 0.8 3.3
9. Worried about teeth, gums or dentures A 37.6 32.1 16.5 12.8 0.9 30.2
B 65.3 16.9 15.3 2.5 0.0 17.8
10. Self-conscious of teeth, gums or dentures A 67.9 21.1 9.2 0.0 1.8 11.0
B 84.7 9.3 5.9 0.0 0.0 5.9
11. Uncomfortable eating in front of others A 70.6 14.7 9.2 3.7 1.8 14.7
B 82.2 11.0 5.9 0.8 0.0 6.7
12. Sensitive to hot, cold or sweet foods A 47.7 32.1 15.6 3.7 0.9 20.2
B 68.6 9.3 13.6 7.6 0.8 22.0
acombined answers ‘sometimes’,‘often’, and ‘very often or always’; reverse coded for items 3, 5, 7
bGroup A: care-independent subjects, n = 109; Group B: care-dependent subjects, n = 118
Niesten et al. BMC Geriatrics  (2016) 16:53 Page 5 of 11
highest frequency of impairment were item 9
(30.2 %), item 2 (28.5 %), and item 5 (23.8 %) for
group A and item 2 (48.3 %), item 7 (39.8 %), and
item 5 (26.3 %) for group B, indicating that most im-
pairment was reported in relation to oral function
(items 1, 2 and 4) and psychological aspects (items 6,
7, 9, 10, 11) (Table 2). The items that showed lowest
frequency of impairment were items 6, 8, and 10 for both
groups, indicating that least impairment was reported in
relation to psychosocial aspects, which was emphasized by
the zero scores in answer categories ‘often’ and ‘nearly al-
ways or always’ of items 6, 9, 10, and 11.
No floor or ceiling effects were detected at total
score level (GOHAI-ADD): 7.3 % (group A) and
12.7 % (group B) had the highest possible score of
60, none had the lowest possible score of 12. The
GOHAI-SC score however did show a floor effect:
42.2 % of group A participants and 28.0 % of group
B participants had a total score of zero. At dimension
level, there were no floor effects. However, ceiling ef-
fects occurred in two dimensions in group A and in
all 3 dimensions in group B. Maximum scores were
obtained by 37.6 % (physical function), 21.1 % (pain
and discomfort) and 17.4 % (psychosocial function) of
group A participants; and by 28.0 % (physical func-
tion), 28.8 % (pain and discomfort), and 28.0 % (psy-
chosocial function) of group B participants.
Reliability
Cronbach’s alphas were 0.86 for group A and 0.80 for
sample B, indicating good overall internal consistency.
The corrected item-total score correlations were
between 0.4 and 0.7 indicating adequate correlation, ex-
cept for item 3 in both group A (r = 0.34) and group B
(r = 0.08), and for item 12 in group A (r = 0.20)
(Table 3).
Inter-item correlations were within the acceptable
range of 0.2–0.5 for both groups (mean Cronbach’s α
group A: 0.34 ± 0.11; mean Cronbach’s α group B: 0.33 ±
0.08). Inter-item correlations > 0.7 occurred only in
group A, between items 1 and 2 (Cronbach’s α = 0.76)
and between items 10 and 11 (Cronbach’s α = 0.74); indi-
cating possible redundancy.
Test-retest reliability (stability) was high for both
groups: mean 0.88 (GOHAI-ADD) and 0.87 (GOHAI-
SC) for group A, and 0.93 (GOHAI-ADD) and 0.89
(GOHAI-SC) for group B. ICCs of 0.62 - 0.88 in group
A and 0.64 – 0.91 in group B indicated overall good sta-
bility, with least stability for items 3, 6 and 7 in group A,
and for items 7, 9, and 11 in group B (Table 3).
The dimensional structure of the orginal GOHAI was
only partly supported by Cronbach’s alphas and item -
subscale correlation values (Table 4). Cronbach’s alphas
for subscale - overall scale correlation were around the
treshold of 0.7 for the dimensions ‘physical functioning’
Table 3 Reliability analysis based on item-total score correlation and test-retest correlation
GOHAI item Corrected Item-Total
score Correla-tion
Cronbach's Alpha
if Item Deleted
Test-retest
correla-tion ICCa
Corrected Item-Total
score Correla-tion
Cronbach’s Alpha
if Item Deleted
Test-retest
correla-tion ICCa
Group A Group B
1. Limit the kinds of food 0.65 0.84 0.75 0.61 0.77 0.91
2. Trouble biting or chewing 0.67 0.84 0.81 0.53 0.78 0.91
3. Able to swallow
comfortably
0.34 0.86 0.62 0.08 0.83 0.74
4. Unable to speak clearly 0.63 0.84 0.86 0.40 0.79 0.94
5. Able to eat without
discomfort
0.49 0.85 0.78 0.67 0.77 0.74
6. Limit contact with people 0.43 0.85 0.64 0.47 0.80 0.79
7. Pleased with look of teeth 0.62 0.84 0.68 0.58 0.78 0.69
8. Used medication to relieve
pain
0.51 0.85 0.74 0.53 0.79 0.81
9. Worried about teeth, gums
or dentures
0.60 0.84 0.80 0.51 0.78 0.64
10. Self-conscious of teeth,
gums or dentures
0.69 0.84 0.79 0.52 0.79 0.73
11. Uncomfortable eating in
front of others
0.74 0.83 0.88 0.61 0.78 0.64
12. Sensitive to hot, cold or
sweet foods
0.20 0.87 0.73 0.43 0.79 0.82
aICC Intraclass correlation coefficient; applied to subsamples of group A (n = 32) and B (n = 34)
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and ‘psychosocial functioning’, and all item - subscale
correlations within these dimensions were adequate
(above > 0.45) except for item 4, ‘trouble speaking clearly’,
in group B. Items within the dimension ‘pain and discom-
fort’ (items 3, 5, 8, 12) were only weakly correlated to the
dimension total score (Cronbach’s alphas between 0.13
and 0.44). This dimension showed inadequate (<0.7) sub-
scale - overall scale consistency in both groups A and B.
Validity
Table 5 shows the main results of comparisons between
assumedly construct-related variables and GOHAI-ADD
scores.
Convergent validity: moderate to high (0.42–0.68), sig-
nificant correlations in the expected direction were
found between GOHAI-ADD scores for self-perceived
oral health and satisfaction with oral health for both
groups A and B.
Discriminant validity: low to moderate (0.24–0.42), but
significant correlations in the expected direction were
found between GOHAI-ADD scores and self-perceived
general health (group A), clinical treatment need (group
A and B) and presence of caries (group B). Non-
significant were the correlations between self-perceived
general health (group B), and presence of caries (group
A); these correlations found were, however, in the ex-
pected direction.
Known-group validity: moderate, significant correla-
tions in the expected direction (group A: r = 0.48; group
B: r = 0.53) were found between GOHAI-ADD scores
and self-perceived treatment need. GOHAI-ADD scores
were also significantly correlated in the expected direc-
tion for dental / prosthodontic status (r = 0.29) and
number of natural teeth (r = 0.39) for group A, but not
for group B.
Differences in age, gender and SES were not statisti-
cally significantly correlated with GOHAI-ADD; how-
ever higher SES levels were correlated with higher
GOHAI-ADD scores in both groups (Table 5).
Discussion
Study design
This study tested psychometric properties of a Dutch
version of the GOHAI, including validity and reliability.
The original GOHAI was validated in a population of
older well-educated Americans. Although the GOHAI
has been demonstrated to also be valid for younger and
for less educated population samples [29, 30], it remains
important that validity problems related to differences in
language or culture are ruled out. This is why we under-
took an evidenced approach [13] to assure conceptual
equivalence between the GOHAI-NL and the original
GOHAI.
Following the vast majority of GOHAI validation stud-
ies, we calculated GOHAI-SC scores in addition to the
standardly used GOHAI-ADD scores. Although the use
of GOHAI-SC scores implies some loss of information
because it requires dichotomization of GOHAI answers,
the GOHAI-SC provides a reliable, albeit crude, estimate
of perceived oral impairments.
To our knowledge, our study is the first that vali-
dates the GOHAI in two distinct groups of older
people using different administration methods. This
choice was prompted by the evidence that the use of
self-administered questionnaires in severely frail older
populations does not always yield reliable results [31].
We therefore used personal interviews as the admin-
istration method in this group. When using personal
interviews, any problems related to cognitive abilities
Table 4 Correlation between item - subscale (dimension) scores
and between subscale- overall scale scores
GOHAI items and dimension Group Cronbach’s alpha
Dimension: Physical Functioning subscale-overall scale Cronbach's α:
group A: 0.82; group B: 0.64
1. Limit the kinds of food A 0.78
B 0.54
2. Trouble biting or chewing A 0.81
B 0.55
4. Unable to speak clearly A 0.49
B 0.30
Dimension: Pain and discomfort subscale-overall scale Cronbach's α
group A: 0.43; group B: 0.49
3. Able to swallow comfortably A 0.31
B 0.19
5. Able to eat without discomfort A 0.31
B 0.36
8. Used medication to relieve pain A 0.26
B 0.44
12. Sensitive to hot, cold or sweet foods A 0.13
B 0.28
Dimension: Psychosocial functioning subscale-overall scale Cronbach's α
group A: 0.82; group B: 0.72
6. Limit contact with people A 0.46
B 0.46
7. Pleased with look of teeth A 0.65
B 0.59
9. Worried about teeth, gums or dentures A 0.52
B 0.65
10. Self-conscious of teeth, gums or dentures A 0.76
B 0.59
11. Uncomfortable eating in front of others A 0.76
B 0.48
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Table 5 Validity assessments: Spearman’s rank correlations between selected variables and GOHAI-ADD scores
Type of validity Group A Group B
Variable Answer categories n Mean GOHAI-ADD score (SD) Correlation (r), p-value n Mean GOHAI-ADD score (SD) Correlation (r), p-value
Convergent validity
Perceived oral health
Very bad 0 - r = 0.42 2 31.50 (7.78) r = 0.68
Bad 1 31.00 (-) p <0.001 13 44.46 (6.67) p <0.001
Moderate 23 46.39 (8.47) 23 49.30 (5.66)
Good 83 53.48 (6.13) 53 53.64 (4.19)
Very good 2 59.00 (0.00) 26 57.81 (2.58)
Satisfied with oral health
Yes 93 53.63 (6.00) r = 0.47 84 54.71 (4.54) r = 0.52
No 15 41.73 (7.75) p <0.001 34 46.32 (7.24) p <0.001
Discriminant validity
Perceived general health
Very bad NA NA r = 0.24 3 52.00 (8.54) r = 0.10
Bad 1 59.00 (-) p = 0.014 24 51.21 (7.66) p = 0.30
Moderate 21 47.62 (9.46) 38 52.05 (6.32)
Good 74 52.45 (6.88) 49 52.88 (6.54)
Very good 11 55.64 (4.99) 4 54.25 (4.27)
Clinical treatment need
Yes 40 48.80 (8.56) r = 0.29 65 50.52 (6.36) r = 0.36
No 69 53.67 (6.24) p = 0.002 53 54.47 (6.34) p = <0.001
At least one tooth with cariesa
Yes 7 51.86 (6.09) r = 0.08 32 50.66 (5.88) r = 0.42
No 59 53.15 (6.00) p = 0.55 26 55.15 (5.53) p = 0.001
Known-group validity
Dental/ prosthodontic status
Natural teeth without RDP 44 54.36 (4.62) r = 0.29 24 53.67 (6.29) r = 0.07
Natural teeth with RDP 22 50.68 (7.42) p = 0.003 34 51.94 (5.97) p = 0.44
No natural teeth 43 49.12 (8.84) 60 51.95 (7.13)
no. of natural teetha (1-32) 66 r = 0.39 58 r = 0.24
p <0.001 p = 0.067
Perceived need for treatment
Yes 45 48.11 (8.24) r = 0.48 33 46.33 (7.50) r = 0.53
No 63 54.79 (5.31) p <0.001 85 54.61 (4.51) p <0.001
Other correlations
Gender
Female 52 50.33 (8.01) r = 0.17 68 52.40 (6.76) r = 0.01
Male 57 53.30 (6.80) p = 0.08 50 52.16 (6.50) p = 0.88
age (65–100) r = 0.09 r = 0.09
p = 0.34 p = 0.36
SES high 34 53.00 (5.96) r = -0.18 28 54.21 (5.42) r = -0.14
middle 54 51.39 (7.72) p = 0.07 47 52.11 (7.27) p = 0.13
low 19 48.79 (8.66) 42 51.33 (6.53)
asubjects with at least 1 natural tooth
*r Spearman’s rank correlation coefficient
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of the respondent can be detected more easily. Al-
though the GOHAI has been used in people with
mild cognitive impairments [32, 33] it has not been
validated for such populations. Therefore we do not
recommend the use of the GOHAI-NL in cognitively
impaired subjects except when closely related infor-
mants provide support in answering questions, and
with explicit reference to this fact.
Limitations
The administration method used in group B may have in-
duced a degree of social desirability bias, leading to ex-
pectedly ‘too high’ scores. Reissmann [34] showed that
OHIP outcomes obtained through personal interviews
were 15 % lower (indicating less oral health-related com-
plaints) than outcomes derived from self-administered
questionnaires in a group of older adults. In the present
study, we could not examine the effect of these two ad-
ministration methods on GOHAI-scores because these
methods were applied in different samples. It is recom-
mended to compare the effects of different methods of ad-
ministration on acquired GOHAI scores within groups of
frail and non-frail older people in future research.
Our study did not measure responsiveness to change
in oral health status of the GOHAI-NL and hence add-
itional longitudinal research is recommended to assess
the sensitivity of the GOHAI-NL for monitoring oral
health changes.
Results
In the translation procedure, the expert panel decided to
use the Dutch equivalent of ‘very often or always’ in-
stead of ‘always’ in the original version. This follows the
reasoning used in the translation to the German GOHAI
[5]: ‘always’ (‘altijd’) in Dutch is very strictly interpreted
as ‘not a moment without’, and the distance between the
alternative response options ‘often’ and ‘very often or al-
ways’ is expectedly more equal to the distances between
other consecutive response options, as meant in a
Likert-scale [35], than the (expectedly larger) distance
between‘often’ and ‘always’.
The double negative phrasing of item 5 of the original
GOHAI “how often were you able to eat without discom-
fort” has been documented to lead to inconsistent an-
swers [30, 36]. In our study, item 5 had relatively low
item-total correlation in group A and around 6 % of the
anwers to the (self administered) item 5 were considered
to be inconsistent with reference questions. The effect of
double negative phrasing may be mitigated through add-
ing reading notes to the questionnaire; which should be
considered for all international GOHAI versions.
The mean GOHAI-ADD scores of 52.4 ± 7.5 in group A
and of 52.5 ± 6.1 in group B in this study are similar to
those found in Northwestern Europe and the USA (53 in
Germany, 49.8 in Sweden, 46.4 in France, and 52.5 in the
USA) [2, 30, 37, 38] but higher than those found else-
where in the world (mean GOHAI-ADD scores between
18 and 49 in Romania Hongkong, Japan, Malaysian,
Jordan, Turkey, India, Spain, Mexico, Iran, see also over-
view in Rezaei e.a. [39]). This is considered to be not only
due to differences in oral health status, but also to varia-
tions in perceptions and expectations of oral health as well
as in the self-reporting of oral health impacts, which are
in part explained by cultural differences.
Although GOHAI outcomes of groups A and B are
not meant to be compared because of the different ad-
ministration methods used, the lack of difference be-
tween GOHAI-ADD scores is striking against the
differences in clinically assessed oral health status be-
tween both groups (group B having worse oral health).
The relatively high GOHAI scores of group B are most
likely caused by social desirability bias (as addressed
above) and by the so-called ‘disability paradox’ of older
people that implies that they have better self-perceived
oral health despite worse oral health status [40, 41].
Contrary to the OHIP [3, 6, 8], the GOHAI did not
demonstrate floor and ceiling effects for the overall
GOHAI-ADD score, which is the most used outcome
measure for group comparisons of the GOHAI. At sub-
scale (dimension) level, however, floor effects were de-
tected. This means that the subscales are not capturing
the full range of potential GOHAI responses in the
population and that the ability to detect changes over
time may be compromised [42].
Regarding reliability: both overall internal consistency
(Cronbach’s alphas of 0.86 (group A) and 0.80 (group B))
and overall stability (Cronbach’s alphas of 0.88 (group A)
and 0.93 (group B)) were good and comparable with
values of other GOHAI studies [5, 8, 30, 37, 39, 43–46].
Items 3 (ability to swallow) and 12 (sensitivity to hot, cold
and sweets) showed low correlation with the total GOHAI
scores, which is in line with several previous validation
studies [5, 30, 39, 47, 48]. Both items probably refer to a
different construct than that intended to be measured by
the GOHAI, which is oral health-related quality of life.
One respondent in our study criticized item 12 saying that
any human tissue is sensitive to hot and cold. Hence apart
from the questionable conceptual correlation between
teeth and tissue sensitivity and oral health, ambiguous in-
terpretation of this item is likely to contribute to the found
low item-total correlation.
The subscale (dimension) - overall scale correlation
for the dimension ‘pain/discomfort’ was too low to jus-
tify distinction of this dimension. Since this finding is
supported by ample evidence against the original dimen-
sional structure of the GOHAI [5, 36, 37, 45, 49], it may
be worthwile to reconsider these dimensions or opt for a
one-dimensional scale.
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Regarding validity: the GOHAI-NL was in good agree-
ment with other measures of perceived oral health and
demonstrated overall good convergent and adequate dis-
crimant and known-group validity, supporting its con-
struct validity. The low correlation between presence of
carious lesions and GOHAI-ADD scores in the care-
independent elderly was probably at least partly due to the
low numbers of carious lesions encountered in group A,
where only 7 out of 66 dentates had one or more carious
teeth. The low correlations between GOHAI-ADD scores
on the one hand and self-perceived general health and
dental/prosthodontic status on the other that were found
in this study in the group of care-dependent elderly, were
unexpected. Although there is some evidence indicating
that the correlation between general health and oral health
is weaker in populations with impaired general health in
comparison to healthy populations, generally the associ-
ation between perceived oral health and perceived general
health is strong [50, 51]. With regard to prosthodontic sta-
tus, the lack of correlation, which is in contrast with find-
ings from the majority, but not all GOHAI validation
studies (e.g. [5, 30, 37, 44] vs. [39, 49]), may be due to the
adaptation of frail elderly to oral discomfort caused by
removable dental prostheses [52, 53].
Conclusion
This study shows that the GOHAI-NL has satisfactory
reliability and construct validity and can be used to
measure OHRQoL in Dutch care-dependent and care-
independent older people.
Additional file
Additional file 1: GOHAI-NL. (DOCX 11 kb)
Abbreviations
GOHAI: geriatric oral health assessment index; GOHAI-ADD: geriatric oral
health assessment index additive (score); GOHAI-NL: Dutch version of the
Geriatric Oral Health Assessment Index; GOHAI-SC: geriatric oral health
assessment index simple count (score); ICC: intraclass correlation coefficient;
OHIP: oral health impact profile; OHRQoL: oral health-related quality of life;
RACF: residential aged care facility; SES: socio-economic status.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
DN designed the study, organized data collection, conducted interviews,
analyzed the data and wrote the paper. DW and NC contributed to the
study design and the paper. EB guided the statistical analysis. All authors
have read and approved the final version of the manuscript.
Author details
1Department of Oral Function, College of Dental Sciences, Radboud
University Nijmegen Medical Center, PO Box 9101HB, Nijmegen, The
Netherlands. 2Department of Oral Function, College of Dental Sciences,
Radboud University Nijmegen Medical Center, Nijmegen, The Netherlands.
3Department of Cariology and Preventive Dentistry, College of Dental
Sciences, Radboud University Nijmegen Medical Center, Nijmegen, The
Netherlands.
Received: 22 November 2015 Accepted: 21 February 2016
References
1. Sischo L, Broder HL. Oral health-related quality of life: what, why, how, and
future implications. J Dent Res. 2011;90(11):1264–70.
2. Atchison KA, Dolan TA. Development of the Geriatric Oral Health
Assessment Index. J Dent Educ. 1990;54(11):680–7.
3. Locker D, Matear D, Stephens M, Lawrence H, Payne B. Comparison of the
GOHAI and OHIP-14 as measures of the oral health-related quality of life of
the elderly. Community Dent Oral Epidemiol. 2001;29(5):373–81.
4. El Osta N, Tubert-Jeannin S, Hennequin M, Bou Abboud Naaman N, El Osta L,
Geahchan N. Comparison of the OHIP-14 and GOHAI as measures of oral
health among elderly in Lebanon. Health Qual Life Outcomes. 2012;10(1):131.
5. Hassel AJ, Rolko C, Koke U, Leisen J, Rammelsberg P. A German version of
the GOHAI. Community Dent Oral Epidemiol. 2008;36(1):34–42.
6. Ikebe K, Hazeyama T, Enoki K, Murai S, Okada T, Kagawa R, Matsuda K,
Maeda Y. Comparison of GOHAI and OHIP-14 measures in relation to
objective values of oral function in elderly Japanese. Community Dent Oral
Epidemiol. 2012;40(5):406–14.
7. Hassel AJ, Steuker B, Rolko C, Keller L, Rammelsberg P, Nitschke I. Oral
health-related quality of life of elderly Germans–comparison of GOHAI and
OHIP-14. Community Dent Health. 2010;27(4):242–7.
8. Rodakowska E, Mierzynska K, Baginska J, Jamiolkowski J. Quality of life
measured by OHIP-14 and GOHAI in elderly people from Bialystok, north-
east Poland. BMC Oral Health. 2014;14:106.
9. Verrips GH, Schuller AA. The impact of oral health on quality of life of Dutch
adults. Ned Tijdschr Tandheelkd. 2011;118(3):162–4.
10. Kalsbeek H, Schuller AA, Kivit MM, de Baat C. Oral health care in nursing and
old people's homes and institutions for the mentally handicapped. Ned
Tijdschr Tandheelkd. 2006;113(3):90–5.
11. Rutherford C, Nixon J, Brown JM, Lamping DL, Cano SJ. Using mixed
methods to select optimal mode of administration for a patient-reported
outcome instrument for people with pressure ulcers. BMC Med Res
Methodol 2014:14(22).
12. McHorney CA. Measuring and monitoring general health status in elderly
persons: practical and methodological issues in using the SF-36 Health
Survey. Gerontologist. 1996;36(5):571–83.
13. Wild D, Grove A, Martin M, Eremenco S, McElroy S, Verjee-Lorenz A, Erikson
P. Principles of Good Practice for the Translation and Cultural Adaptation
Process for Patient-Reported Outcomes (PRO) Measures: report of the ISPOR
Task Force for Translation and Cultural Adaptation. Value Health. 2005;8(2):
94–104.
14. Zenthofer A, Rammelsberg P, Cabrera T, Schroder J, Hassel AJ. Determinants
of oral health-related quality of life of the institutionalized elderly.
Psychogeriatrics. 2014;14(4):247–54.
15. Swoboda J, Kiyak HA, Persson RE, Persson GR, Yamaguchi DK, MacEntee MI,
et al. Predictors of oral health quality of life in older adults. Spec Care
Dentist. 2006;26(4):137–44.
16. Saarela RK, Soini H, Hiltunen K, Muurinen S, Suominen M, Pitkala K.
Dentition status, malnutrition and mortality among older service housing
residents. J Nutr Health Aging. 2014;18(1):34–8.
17. Batista MJ, Perianes LB, Hilgert JB, Hugo FN, Sousa Mda L. The impacts of
oral health on quality of life in working adults. Braz Oral Res. 2014; 28:S1806.
18. Hair JF, Black WC, Babin B, Anderson RE, Tatham RL. Multivariate data
analysis. 6th ed. New Jersey: Prentice Hall; 2005.
19. ILO ILO. International Standard Classification of Occupations ISCO-08. In., vol.
1. Geneva; 2012. Published by the International Labour Organization.
20. Organization WWH. Oral Health Surveys, indices and methods for
measurement of dental diseases. 4th ed. Geneva: World Health
Organization; 1997.
21. Wolfe DL, Hebert JS, Miller WC, Deathe AB, Devlin M, Pallaveshi L.
Psychological adjustment to lower limp amputation: An evaluation of
Outcome Measurement tools. In: Gallagher P, Desmond D, MacLachlan M,
editors. Psychoprosthetics. London: Springer; 2010. p. 67–90.
22. Nunnally JC, Bernstein IH. Psychometric Theory. 3rd ed. New York: McGraw-
Hill; 1994.
23. Fayers PM, Machin D. Quality of Life: Assessment, Analysis and
Interpretation. Chichester: Wiley; 2000.
24. Clark LA, Watson D. Constructing validity: Basic issues in objective scale
development. Psychol Assess. 1995;7:307–19.
Niesten et al. BMC Geriatrics  (2016) 16:53 Page 10 of 11
25. Ponteretto JG, Ruckdeschel DE. An overview of Coefficient Aplha and a
reliability matrix for estimating adequacy of internal consistency coefficients
with psychological research measures. Percept Mot Skills. 2007;105:997–1014.
26. Fleiss J. The Design and Analysis of Clinical Experiments. New York: John
Wiley & Sons; 1986.
27. Bearden WO, Netemeyer RG. Handbook of Marketing Scales: Multi-Item
Measures for Marketing and Consumer Behavior Research. 2nd ed.
Thousand Oaks: Sage Publication Incl; 1999.
28. Juniper EF, Gordon HG. How to develop and validate a new health-related
quality of life instrument. In: Spilker B, editor. Quality of Life and
Pharmacoeconomics in Clinical Trials. 2nd ed. Philadelphia: Lippincott-Raven
Publishers; 1996. p. 49–56.
29. Atchison KA, Der-Martirosian C, Gift HC. Components of self-reported oral
health and general health in racial and ethnic groups. J Public Health Dent.
1998;58:301–7.
30. Tubert-Jeannin S, Riordan PJ, Morel-Papernot A, Porcheray S, Saby-Collet S.
Validation of an oral health quality of life index (GOHAI) in France.
Community Dent Oral Epidemiol. 2003;31(4):275–84.
31. Halvorsrud L, Kalfoss M. Quality of life data in older adults: self-assessment
vs interview. Br J Nurs. 2014;23(13):712. 714–721.
32. Lee KH, Wu B, Plassman BL. Cognitive function and oral health-related
quality of life in older adults. J Am Geriatr Soc. 2013;61(9):1602–7.
33. Zuluaga DJ, Montoya JA, Contreras CI, Herrera RR. Association between oral
health, cognitive impairment and oral health-related quality of life.
Gerodontology. 2012;29(2):e667–73.
34. Reissmann DR, John MT, Schierz O. Influence of administration method on
oral health-related quality of life assessment using the Oral Health Impact
Profile. Eur J Oral Sci. 2011;119(1):73–8.
35. Likert R. A technique for the measurement of attitudes. Arch Psychol. 1932;
140:44–53.
36. Daradkeh S, Khader YS. Translation and validation of the Arabic version of
the Geriatric Oral Health Assessment Index (GOHAI). J Oral Sci. 2008;50(4):
453–9.
37. Hagglin C, Berggren U, Lundgren J. A Swedish version of the GOHAI index.
Psychometric properties and validation. Swed Dent J. 2005;29(3):113–24.
38. Hassel AJ, Danner D, Schmitt M, Nitschke I, Rammelsberg P, Wahl HW. Oral
health-related quality of life is linked with subjective well-being and
depression in early old age. Clin Oral Investig. 2011;15(5):691–7.
39. Rezaei M, Rashedi V, Khedmati Morasae E. A Persian version of Geriatric Oral
Health Assessment Index. Gerodontology 2014. Epub ahead of print.
40. Slade GD, Sanders AE. The paradox of better subjective oral health in older
age. J Dent Res. 2011;90(11):1279–85.
41. Locker D, Gibson B. Discrepancies between self-ratings of and satisfaction
with oral health in two older adult populations. Community Dent Oral
Epidemiol. 2005;33(4):280–8.
42. Lim LL, Seubsman SA, Sleigh A: Thai SF-36 health survey: tests of data
quality, scaling assumptions, reliability and validity in healthy men and
women. Health Qual Life Outcomes. 2008;6(1):52.
43. Sanchez-Garcia S, Heredia-Ponce E, Juarez-Cedillo T, Gallegos-Carrillo K,
Espinel-Bermudez C, de la Fuente-Hernandez J, Garcia-Pena C.
Psychometric properties of the General Oral Health Assessment Index
(GOHAI) and dental status of an elderly Mexican population. J Public
Health Dent. 2010;70(4):300–7.
44. Atieh MA. Arabic version of the Geriatric Oral Health Assessment Index.
Gerodontology. 2008;25(1):34–41.
45. Ergul S, Akar GC. Reliability and validity of the Geriatric Oral Health
Assessment Index in Turkey. J Gerontol Nurs. 2008;34(9):33–9.
46. Naito M, Suzukamo Y, Nakayama T, Hamajima N, Fukuhara S. Linguistic
adaptation and validation of the General Oral Health Assessment Index
(GOHAI) in an elderly Japanese population. J Public Health Dent. 2006;
66(4):273–5.
47. Wong MC, Liu JK, Lo EC. Translation and validation of the Chinese version
of GOHAI. J Public Health Dent. 2002;62(2):78–83.
48. Murariu A, Hanganu C, Bobu L. Evaluation of the Reliability of the Geriatric
Oral Health Assessment Index (GOHAI) in Institutionalised Elderly in
Romania: A Pilot Study. OHDMBSC. 2010;9:11–5.
49. Othman WN, Muttalib KA, Bakri R, Doss JG, Jaafar N, Salleh NC, Chen S.
Validation of the Geriatric Oral Health Assessment Index (GOHAI) in the
Malay language. J Public Health Dent. 2006;66(3):199–204.
50. Atchison KA, Gift HC. Perceived oral health in a diverse sample. Adv Dent
Res. 1997;11(2):272–80.
51. de Andrade FB, Lebrao ML, Santos JL, da Cruz Teixeira DS, de Oliveira
Duarte YA. Relationship between oral health-related quality of life, oral
health, socioeconomic, and general health factors in elderly Brazilians.
J Am Geriatr Soc. 2012;60(9):1755–60.
52. MacEntee MI, Hole R, Stolar E. The significance of the mouth in old age. Soc
Sci Med. 1997;45(9):1449–58.
53. Niesten D, van Mourik K, van der Sanden W. The impact of having natural
teeth on the QoL of frail dentulous older people. A qualitative study. BMC
Public Health. 2012;12(1):839.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Niesten et al. BMC Geriatrics  (2016) 16:53 Page 11 of 11
